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REMARKS 

Claims 1-28 and 33-38 are pending in the subject application - 
By this Amendment, applicants have amended cl.aims 21, 28 and 
34. Accordingly, claims 1-28 and 33-38 are pending in the 
subject application. 

Rol ^tion nnH ft r 35 V s.r.. S 112. second paragraph 
On page 2 of the October 23, 2003 Office Action, the Examiner 
rejected claims 21-28 and 33-38 under 35 U.S.C..S 112, second 
paragraph, as allegedly failing to particularly point out and 
distinctly claim the subject matter which applicants regard as 
their invention. Specifically, the Examiner alleged that in 
claim 21, part c) "a signal generated" is vague and indefinite 
and it is unclear what relationship exits between the second 
harmonic-active label and the signal generated using a surface 
selective technique; in claim 28, line 6 "can be" is vague and 
indefinite; and in claim 34, part lb) "a signal generated" is 
vague and indefinite 

Tn response, applicants have amended the claims to more 
clearly define their invention. As amended, applicants' 
claims satisfy the requirements of 35 O.S.C. § 112, second 
paragraph. 

Rejections Under 35 U . S . C - <S 102(b) and 103 

In Section 4 of the October 23, 2003 Office Action, the 
Examiner maintained the rejection of claims 1-4, 7, 8, 12, 13, 
21, 23, 27, 28, 33, 34, 36 and 37 as allegedly anticipated by 
Quinn et al. (European Patent Application No. 0 740 156), for 
the reasons set forth in the April 7, 2003 final Office 
Action . 

in Sections 7-13 of the October. 23, 2003 Office Action, the 
Examiner also maintained the multiple rejections under 35 
U.S.C. § 103 all of which were over Quinn -2t al. along with 
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various secondary references, for the reasons set forth in the 
April 1, 2003 final Office Action. 

in Section 16 of. the October 23, 2003 Office Action, the 
Examiner- noted applicants' previous remarks about Quinn et 
al., but alleged that the remarks are not found persuasive. 
Specifically, the Examiner took the position that Quinn et al . 
reads on applicants' newly ad.ded limitation (i.e. an unlabeled 
molecule at the interface is undetectable using the surface 
selective technique) because one skilled in the art. would 
recognize that the second harmonic label would require the 
second harmonic generation to be detected and if there is no 
such second harmonic generation label attached to the. 
molecule, such a molecule would not be detected by second 
harmonic generation. Therefore, it is the Examiner's position 
that Quinn et al. reference still reads on the instantly 
recited claims. 

During a December 2, 2003 telephone conference between 
Examiner Gary Counts, Supervisory Examiner long Le, and the 
undersigned, Quinn et al. was discussed in more detail. 
Specifically, the undersigned pointed out to both Examiners 
that Quin et al . use a reporter molecule to resonantly enhanc e, 
a signal that is already present. Quinn et al. state that the 
"(s)econd-order optical processes originate from the field and 
structural discontinuity at the interface" [Quinn et al., 
column 2, lines 31-33], and a reporter molecule is used to 
rasflnant.l y enhance the surface nonlinear susceptibility [Quinn 
et al., column 2, lines 46 to 57]. As clarified in 
applicants' claims, applicant's invention uses a second 
harmonic-active label to produce a signal that is not present 
in the absence of the label, not merely to enhance an existing 
signal. 

Therefore, Quinn et al. aoes not anticipate applicants' 
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invention as recited in the amended claims. Furthermore, 
Quinn et al., alone or in combination with the disclosures of 
rne secondary references, does noc teach or suggest 
applicants' invention as recited in the amended claims because 
the deficiencies of Quinn et al . are not remedied by the 
secondary references. 

During the December 2, 2003 telephone conference, both 
Examiner Gary Counts and Supervisory Examinee Long Le agreed 
that applicants' claims recite subject matter that is 
patentable over Quinn et al. However, the Examiners requested 
applicants co provide references which confirm that not all 
molecules are detectable using a given surface selective 
technique. In response, applicants attach hereto as Exhibits 
A-D excerpts from articles which clearly show that not all 
molecules are detectable using a given surface selective 
technique- Thus, applicants' recitation that an unlabeled 
molecule at the interface would be undetectable using a given 
surface selective technique clearly distinguishes applicants' 
claims from Quinn et al. 



Accordingly, applicants respectfully request that the Examiner 
reconsider and withdraw the rejections under 35 U.S.C. §§ 102 
and 103 over Quinn et al. set forth in the October 23, 2003 
Office Action. 

R^^gtions Under 3 5 U.S.C. S 102(e) 

On page 4 of the October 23, 2003 Office Action, the Examiner 
rejected claims 1-4, 6, 12, 13, 21-23, 34 and 36-38 as 
allegedly anticipated by Schultz et al. (U.S. Patent No: 
6,180,415). The Examiner alleged that Schultz et al. disclose 
a method for detecting the presence, and information about, a 
target having a molecular feature of interest, referring to 
col 5 and 6, col 34, line and 6-col 35 line 33 of Schultz et 
al. The Examiner also alleged that Schultz et al disclose 
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contacting the target with one or more PRE's, Plasmon Resonant 
Particles, which the Examiner alleged are labels, having 
surface localized molecules to produce an interaction between 
the molecular feature and Che localized molecules. The 
Examiner further alleged that Schultz et al disclose that the 
target contains a ligand-binding site, and the surface 
localized molecule Is a ligand capable of forming a 
ligand/ligand-binding complex (col 5, lines 60-67) . The 
Examiner alleged that Schultz ec al disclose that the PRE' s 
can accept pulses between 5 to 500 femtosecond for driving 
second harmonic generation processes, and contacting a surface 
with these PRE' s thereby creating an interface at the surface 
which has target attached thereto wherein the target is not 
labeled with a non-linear label wherein Che target is not 
detectable at' the interface using a surface selective 
technique and wherein the target is labeled when the PRE 
comprising che ligand partner for the target attaches to the 
target and measuring a change in nonlinear optical light at 
the interface in the presence of the labeled target using 
nonlinear optical technique. The Examiner also alleged that 
Schultz et al disclose that the PRE' s can be used for cell 
sorting, and disclose analyzing a cell type expressing 
particular surface antigen using a particular PRE probe, 
referring to col 49, lines 55-6"7. 

With respect to second harmonic active-label as recited in the 
instant claims, the Examiner noted that in the specification 
on page 2, lines 19-23 tne applicant defines that second 
harmonic active-labels are second harmonic moieties which can 
be attached to a molecule of interest thiut is not second 
harmonic active and applicant further defines, on page 8, 
lines 6-11, that a second harmonic refers to a frequency of 
light that is twice the fre-quency of a fundamental beam of 
light and that a second harmonic-active moiety is a substance 
which when irradiated with a fundamental beam of light 



a 
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generates a second harmonic of the fundamental. The Examiner 
then alleged that because Schultz et aJ disclose that the 
PRC's can accept pulses between 5 to 500 femtosecond for 
driving second harmonic generation, Schultz et al disclose 
second harmonic labels. 

in response, applicants respectfully traverse the Examiner's 
position on the ground that Schultz et al . do not disclose a 
method comprising -using a surface selective technique," as 
recited in applicants' claims- Specifically, only 

noncentrosymmetric second harmonic generators can be used with 
a surface selective technique as recited in applicants' 
claims. See, for example, page 2, line 7-13 of the subject 
specification as well as Exhibits A-D submitted herewith. The 
PRE's of Schultz et al., however, can be "spherical" according 
to, for example, column 13, lines 9-1 of Schultz ec al. As 
such, the PRE's of Schultz are useless in applicants' claimed 
method - 

More importantly is that applicants are claiming a method 
which is neither taught nor suggested by Schultz et al. 
Nowhere do Schultz et al. teach or suggest using a surface 
selective technique, i.e. a technique requiring 
"hyperpolarizability and a net orientation at the interface," 
as pointed out on page 2, lines 9-10, and on page 2, line 33 
co page 3, line 4 of applicants' specification. 

Accordingly, Schultz et al- do not anticipate and do not make 
obvious applicants' claimed invention, and this rejection 
should be withdrawn. 

Provisional Dq»^ 1p Pa tenting 

In Section 15 of the October 23, 2003 Office Action, the 
Examiner provisionally rejected claims 1-28 and 33-38 under 
the judicially created doctrine of obviousness-type double 
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patenting as allegedly unpatentable over claims 1-17, 19, 24- 
49, 56-113, 131 and 132 of copending application No. 
09/907,035. The Examiner alleged that although the 

conflicting claims are not identical, they are not patentable 
distinct from each other because both sets of claims are drawn 
co methods for detecting molecules at an interface using 
similar method steps. The Examiner noted that the instantly 
recited claims recite a second harmonic-active label while the 
09/907,035 claims recite non-linear labels, .and alleged that 
it is obvious to one skilled in the art that Che non-linear 
labels encompass the second harmonic-active label. 

In response, because all other rejections of the subject 
applications have been overcome as discussed above, applicants 
respectfully request that Che Examiner issue the subject 
application pursuant to M.P.E.P. § 804 (I) (E) , which guides 
that: 

The "provisional" double patenting rejection should 
continue to be . made by the examiner in each 
application as long as there are conflicting claims 
in more than one application unless that 
"provisional" double patenting rejection is the only 
rejection remaining in one of the applications. I_f 
the "provisional" double patenLino rejection in one 

application is the only rei ecti on remaining in that 

application , the examiner should then withdraw that 

rejection and permit the application to i ssue as a 
patent, thereby converting the "provisional" double 
patenting rejection in the other application f s ) into 

a double patenting rejection at the time the — one 

application issues as a patent. 

If the "provisional" double patenting rejections in 
both applications are the only rejections remaining 
in those applications, Che examiner should then 
withdraw that rejection in one of the applications 
(e.g., the application with the earlier filing date) 
and permit the application to issue as a patent- The 
examiner should maintain che double patenting 
rejection in the other application as a 
"provisional" double patenting rejection which will 
be converted inco a double patenting rejection when 
the one application issues as a patent. (Emphasis 
added} . 
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Furthermore, the allegedly conflicting claims in U.S. Serial 
No. 09/907,035 are also subject to being amended to the point 
of no longer being conflicting. 

In conclusion, applicants respectfully submir that the 
amendment of the claims and the remarks herein overcome the 
rejections under 35 U.S.C. §S 102, 103 and 112, leaving only 
the provisional double parenting rejection. However, pursuant 
to M.P.E.P. §804 (1) (E), the provisional rejection should.be 
withdrawn, allowing the saJOjecr. application to proceed to 
issuance - 

If a telephone interview would be of assistance in advancing 
prosecution of the subject application, applicants 1 
undersigned attorney invites the Examiner to telephone him at 
the number provided fcelow. 

No fee is deemed necessary in connection with the filing of 
this Amendment. However, if an additional fee is required, 
authorization is hereby given to charge line amount of any such 
fee to Deposit Account No. 03-3125. 



Respectfully submitted, 



I hereby certify thac this 
correspondence is being transmitted 
to the U.S. Patent antf Trademark 
Office Of. the date inuicar.Ad below 
by (.<ac3 i-tfiile and is aaoresftftd to: 



John P. White 
Registration No. 28,678 
Gary J. Gershik 
Registration No. 39,992 
Attorneys for Applicants 
Cooper & Dunham LLP 

1185 Avenue of the Americas 
New York, New York 10036 

(212) 278-0400 




A33istanr. Commissioner for Patents 
Washington, O.C. 2023:1 



facsimile no. 703-&T>--9307 . 




Reg» PJo. 39,99.? 
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TaMe II. Parameters Used in the Extended Huckel Calculations 
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-40.0 
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'Coefficients used in the double- r expansion of the d orbital 

In the case at hand of cyclic P containing compounds some 
interactions (15b) can be played out equally well by PX a c * as 
by 3d on P. But others (15a, 18) have no PX 5 a 9 symmetry 
equivalent. So P 3d orbitals could play a role, especially ir the 
in-plane ir system were important, as wc concluded it is in 
(L„MoN)«. We repeated our calculations on (F 3 PN), with 3d 
orbitals on P, placed at various energies. In each case a localized, 
bond-alternating structure is computed. But the degree of al- 
ternation is much smaller than in the transition-metal nitride case 
We do not want to say that this is an argument against the 
involvement of 3d orbiiais. More Jilcely it is a failure of the 
sxtended Huckel method, or insufficient geometry optimization, 
rhc many known molecules may pucker to varying degrees, but 
hey retain (with some exceptions) equal P-N bond lengths/ Wc 
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would nevertheless keep an eye out for small bond alternation 
the p . orbital* of ^^5?^%^ Sft 

irimcr. (2) There should be a continuum of ddocalization and 
tendency to localize or alternate bonds in cyclic Wem^Kv 
system, The An systems will ^o^^X^SS^ 
Teller mechanism when the energy splitting betwee^ th* rZZ 
degenerate) nonbonding orbital ^lli^^S^^ 
Ji »sso » the MoN), system bufrnot in (x/pn)1 

cJZ^P**™*^. Fu n<^S for this work was provided by the 
Cornell Umvenaty Materials Science Center through the National 
Sconce Foundation (Gram No, DMR«I72M& We than* 

w^^&^Z*"* and Jane - d **** 

Appendix 

The Extended Huckel method was used for all calculations M 
Parameter^ a , e i istcd in TaWc n Mo~N and Mo^Ci bo nd 

urc " ^L-H^T ft IMoNCU-CX W J 4 X-ray struc 



A'J^W : 2B7 .*/ b > "0*™"". R. Ibid. 196* 39, 1397 " 1 
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Abstract Th* frequency-dependent hypcrpolari^bility for sum frequency generation is calculated within „ ,i.„ . 
for a series of unsaturated organic compounds and Compared to woerimen J- , T <d « ct ™' approximation 

A procedure is also sug8cS , c d to instigate rh e inr^c^l?™™^ ^ ^ a nl ^. rf . ,n ^ ^ a " d ™ mpolar li " uid med »- 
«f smal. c.«, e „ of ra0l cc U . ES in position* ««r4iSS^^ , c^^ , ^ C,, * 0n th ° ^^ari^bili.y 



Introduction 

For about a decade an active and systematic search has been 
nducted for materials exhibiting large optical nonlinear re- 
jnses. Much attention has been given to organic compounds, 
view of their application to second harmonic generation (SHG) 
m the near infrared to the visible. It has been observed that 
licular, noncentrosymmctric polar unsaturated molecules may 
wbit onusually large hyperpolarizabilitics. 1 - 26 Molecules in 
ich Intramolecular charge-transfer transitions occur and in 
ich the dipole moments of the excited states are large appear 
be particularly suited for this purpose. Efficient SHG fur- 
rmorc requires the doubled frequency still to lie in the region 

*h^07974 re " : AT&T Be,J Laboratories 600 Mountain Avt, Murray 



where the molecule is transparent; it should however not be loo 
far removed from the lowest frequency transitions. There is every 

(1) Schweig, A. Chcm. Phys. Leu. 1967 ; I 195 

F 3l£"2 d< ?' 2* L: L t>.: Dunina, V. V. : Zhabotinskii M 

E.; 2olin, V. F . ; Korciieva, L. G.; Samokhina, M. A. JSTP^Sml 12, 

(S) Oudar, $ U, Q,cmla, D. S. Opt. Co»imun. 197S. J3. 164 

? . ?.** m - ph w- 197 *> 5 ie- 
r»i o^S'' I* i : ^ crtt r *- y * * ppL Ph y*- J977 - ^ 2699. 

niw?^' . V ; Chcm,a - D - S- ^ Cftrm. PA^r. 1977, tfrf 2664 

J ?} S u ^ r - i- ^ Chem * Ph >»- »w. ^ 

(15) Levin*. B. F.; Bcthca, C. C. ^p/. 1*79, 50. 252 
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indication that the lower excited states, which in the molecules 
of interest arc mainly of it— jt* symmetry, make an important, if 
not the major, contribution to SHG in the wavelength range of 

intCTC5t. t - 7 ^ ,i ' , *'» SK2 6 

In the first part of this paper wc calculate the contribution of 
the 7T electrons to the SHG tensor in a series of selected molecule? 
by the PPP method. Our aim is to find an inexpensive compu- 
tational procedure which gives correct orders of magnitude for 
the frequency-dependent hypcrpotarizabilhy and which reproduces 
coTTCctry relative trends, such as substituent effects, within classes 
of similar compounds. This then should enable one to scan a 
variety of relatively large molecules and to provide a guidance 
in planning the synthesis of new chromophorcs with particular 
nonlinear optical properties. A number of computational inves- 
tigations of SHG in organic compounds have been published by 
using the CNDO/S method 14 - 1 * 24 - 2 * and the INDO method. 20 - 31 -* 5 
The explicit inclusion of the a electrons makes these latter methods 
potentially more accurate than PPP, but the description of the 
*-ir* states is not necessarily always better* and the computational 
labor is significantly larger. The PPP method has already been 
used to assess the second- 1 and third-order 1 wa polarizability in 
various unsaturated hydrocarbons in a static electric field. To 
exhibit sum frequency generation in the liquid state, where there 
is random orientation, the molecules must be optically active. If 
both frequencies are the same. i.e.. in the case of SHG, the effect 
altogether vanishes.* 9 DC electric field induced second harmonic 
generation (EFISH) due to anisotropic averaging may be observed 
in the liquid state for molecules with a permanent dipole moment 
This method has been widely applied to obtain an averaged value 
for the molecular hyperpolarizability. 6 - 9t0W4W -" The exper- 
imental values so obtained will serve as a comparison for our 
calculations on single molecules. 

To be SHG active, crystals must belong to noncentrosymmetric 
>pacc groups,* 9 and evidently for all practical purposes the in- 
dividual molecules in the crystal must also be noncentrosymmetric. 
(** However, it often occurs that noncentrosymmetric molecules 
crystallize in centrosymmetric space groups, making them useless, 
for our aims. In the preparation of new organic materials for 
SHG, the hyperpolarizability of the individual molecules is 
therefore not the sole criterion, but the relative spatial arrangement 
of the molecules within the crystal lattice is also of decisive im- 
portance. In an attempt to deduce the bulk hypcrpolarizability, 
a first approximation consists in an additive superposition of the 
contributions of the individual molecules. This approach 
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neglects the mutual influence of the molecules on each other which 
undoubtedly may be important. A recent application of IN DO 
and ab initio SCF methods to urea in the isolated and hydro- 
gen-bonded crystalline state requires extensive computations 3 > 
In the second pan of this paper we try to assess the importance 
of intermolccular interaction in the frame of the PPP model Bv 
examining small clusters of molecules in the relative spatial 
positions dictated by ihc crystal structure and by including in the 
calculation electron repulsion terms also between atomic centers 
on different molecules, wc study the changes induced in the tensor 
elements of the hypcrpolarizability by electrostatic effects. 
U. Method of Calculation 

The calculation of the sum frequency generation tensor 

is based on the addition of six terms, as given by Ward 36 (Appendix 
1). These expressions entail double Summations over all dgenstates 
of the unperturbed molecular system considered. For practical 
reasons the infinite sums have to be truncated, and it has already 
been shewn that a limited number of terms may lead to reasonable 
results. 14 *". If the frequencies of incident radiation w, and uh are 
set equal to fccro, our adopted expressions do not automatically 
go into the correctly normalized formula for the static second-order 
hyperpolarizability Strictly speaking, some normalization terms 
should be added, 37 which for simplicity are here neglected 
Furthermore, the formula deduced in rcf 36 arc adequate as long 
as the radiation frequencies oj, and oi 2 arc far removed from 
molecular resonances. Otherwise, if damping effects arc to be 
included, one has to deal with eight terms 38 instead of the six term* 
mentioned above. Our routine computes the 27 tensor elements 
Of Py* for eight pairs of frequencies <j 2 , which may be arbitrarily 
chosen but should not coincide with molecular resonances. This, 
nevertheless, allows one to investigate the dispersion of the hy- 
perpolarizability tensor. 

The basic quantities needed for the calculation of § Uk arc ob- 
tained through SCF-MO, singlc-CI calculations in the tame or 
the PPP approximation."^ The molecular dipole moments arc 
calculated wuhin the ZDO approximation. On the other hand, 
the transition moments arc computed in the dipole velocity form 
by an ab initio routine working in a Slater orbital basis. 41 Al- 
though this may seem inconsistent, it has been observed that in 
scmiempirical calculations of the kind used here, transition mo- 
ments computed in the dipole vector form tend to be too large. 

For our calculations we have essentially used standard param- 
eters, and we have not calibrated them on measured hypcrpo- 
larizabilitics, except for small adjustments described in Section 

Parametrization 1 (PI); Valence state ionization potential 
/p, one-center electron repulsion integrals and rcsonano* 
integrals 0„ are given in ref 42 and 43. The electron repulsiV 
integrals <y M are computed by the charged sphere approximation.-* 
These parameters have been quite successful in predicting dec- 
tronic spectral properties and dipole moments of benzene deriv 
atives with highly polar substituenis 4 * and of bile pigments. 4> 

Paramebrization 2 (P2); Valence state ionization potential, 
and one-center electron repulsion integrals arc listed in ref 44 
as deduced by Hinzc and Jaffc. The resonance integrate are 
computed by the Wolfsbcrg-Helmholz formula 43 with a pro- 

(34) Zy«j, J.; Oudar, J. L. Phys. Reo. A 1982. 26. 2028, 

(35) Zyu, J.; Berthier, C. /. Chcm. Phys. mX 77, 3635. 
(3<>) Ward. J. F, R W . Mod. Phys. 19«, 37, 1. 

ma ^S*" 3 ^ F - W - £P«an, & T.: KarphK. M. Rmv. Mod. Phys. 1972, 
44, 602. 

Phy¥\*nF?6*\ % T* N " L ° lCm " H4 Lynch * R * T *' Jt ' IndIan J ' /w A w u 

S n, V cr ; R ; : ^ R G ' J ' C * <rw - Ph **- 21 466, 767. 

(40J Poplc, J. A. Trans. Faraday Soc. 1953, 49, 1375 
(41) Hufu Wagnifcrc, O. Thcor. Chim. Acta 1970, 18, 57. 

* . Lobnart. H.; Wagnicrc. G. Heh. Chlm. Acta 1963, 46, 1314; 1968. 

3/. 204. 

(43) Blaccr. G.: Wafiniftre. G. J. Am. Chem. Soc. 1975, 97 1949 

(44) Murrtll J N ; Hargeu A. J. Scmi-Emplrical Self- Consistent Field 
Molecular Orbital Theory of Molcculer, Wiley; New Ygrk. 1972* p 20 

(45) Wolfsbcrg. M.; Hcbnbolz, L. J. Chem. Phys. 19S2. 20, 837. 
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I. INTRODUCTION 

The technique of electric field induced second har- 
monic generation in liquids 1 -* has proven to be ex- • 
■ txemely useful in the determination of both the second 
order 0 and third order y hyperpolarizabilities. Ex- 
. tensive measurements, 1 on both conjugated and noncon- 
Jugated organic molecules have elucidated the crucial 
role played by the delocalized ^-electron contributions 
to these nonliriearities. As a result of these experi- 
ments, the close relationship between 0 and the donor-' 
acceptor strength of a substituent on a bensene ring is 
now quantitatively understood. to addition, measure- 
ments u $ul g this technique on ortho, meta, and par a . 
nitroaniline in the liquid state have led to a theoretical 
understanding of the importance of the .n/ramolecular 
donor-acceptor charge transfer contribution to fl. As 
a further extension of both experiment and theory 
actual mte^noleeular charge transfer complexes (e.g. 
the classic pyridine-iodine system) have been invest!- ' 
gated. 

AS discussed previously, nonlinear measurements 
or organic molecules in the liquid phase have many ad- 
vantages over similar measurements in the gaseous or 
crystalline state. Namely, many of the most interest- 
ing highly conjugated molecules tend to readily decom- 
pose at the high temperatures required to vaporize them; 
however, they can be readily dissolved in an appropriate 
liquid solvent. Organic crystals, on the other hand, 
are difficult and time consuming to grow, and data 
, analysis requires the knowledge of the crystal structure 

which may not have been determined. Another very 
* important reason for studying molecular nonlinearities 
m the liquid phase is that chemical reactions occur - 
most readily in this phase. Thus, measurements of 
electric field induced second harmonic generation in . 
liquid mixtures or solutions can provide a means of 
obtaining information on molecular associations and 
correlations, intermolecular charge transfer interac- 
tions, hydrogen bonding, and dipolar interactions. 
Most previous work has concentrated on studying pure 
liquids and not mixtures. However, as we will show 
mixtures can give important information on these ' 
molecular interactions. 

II. LOCAL FIELDS AND MOLECULAR . 
CORRELATIONS 

The polarization P, produced in a molecule by an 
electric field B, is given by 



where the ft, i PeXer to the molecular coordinate 

' \ S tte USUal linear Potability of the 
T 18 the Secon4 order molecular hyper- 

hvS^ U ^Lf d r '»" 15 thi *« «oSlar 
see thaUfl vanishes hy-^r metrv in a mnT • ^ ■ 

Sons whi^ 3 ' * 18 P"""*"** sensitive to interac- 
tions which remove such a center of symmetry. 

seL^ W 6riin f ntal techn, 1« e ^ electric field induced 
ZZ^u T nlC generation used to accurately deter- 
^WbrtaWlW.s.hM been discussed in 

^nary here. A static field ^.and a laser field E « 
frequency „ (polarized along the direction o^afplied 

at frequency Z<* given by • 

fI1 e f 6 ^J 3 * he macros «opic third order nonlineartty of 
WaXr f ^ U<1Uid 11113 »-croscop" nC! 



where AT is the number of molecules/cm 1 , and the fs 
are the local field factors evaluated at the fluency in 

sS£ M qU ,?° n (3) iS 0nly ^opriate for^! " 
sociatmg liquids. For a polar liquid there are twTta, 
-portant contributions to y, namely 1 -' 

VY,+ M3/5kT , 



<3> 



< 4) 

*bere y is the purely electronic average third order 

syTm^^^ 1 , (WhiCh d ° eS -»S£2r^2Lo. 
nZTn, » m f olec » 1 «) and where the temperature de- 
pendent rotational term is proportional to the dioole 
moment fi and the vector ~t ... oipoie 

polarizabillty'-' ?fi J&°Z? * ? *f 6 ^ ° rd " hyPer - 
Sinr» « f ^ . *™ where jr is along u. 

<£ n £ ! „ T ,1Sh m a c ^trosymmetric molecule 
does) it is sensitive (for example) to chenSS 
charge transfer interactions which remove this inver- 
b^ra^S ^ »^ures Eq . („ £ 

r-u-2>y/o/»/.Ji. (5) 

where the subscript £ indicates that each factor in the 
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Recently a number of experimental studies of sec- 
ond harmonic generation (SHG) on both powder and 
single crystals have shown the anomalously high nonli- 
near optical response of some organic compounds [l - 
8} . High nonlinear coefficients have been found to be 
associated with strongly donor and acceptor substit- 
uents on aromatic molecules [4-5] . The recent experi- 
mental work of Hermann et al. [9] and the theoreticaJ 
analysis of Rustagi and Ducuing [10] on third-order 
polarizabilities of organic conjugated molecules un* 
doubtfully stress the fundamental role of electronic de- 
localization in high order susceptibilities. But molecu- 
lar symmetry and requirements on orbital pairing [1 1 ] 
cause the 7r-electron contribution to second-order po- 
larizabilities to vanish in majority of non-substhuted 
conjugated molecules. Therefore the second^order op- 
tical effect of molecules with delocalized electrons 
may be thought to arise from the mesomeric efTect 
[I 2] . In this letter we develop this basic idea and we 
present a very simple model which explains the quadra- 
tic susceptibilities of the benzene substitutes as arising 
from the coupling of the w-electrons system (w-ES) of 
the benzene ring with various radicals. First the model 
is presented, then we analyze from the point of view 
of the irreducible components of polarizability tensors 
[13] the most reliable experimental data on crystal 
susceptibilities. Finally theoretical and experimental 
results are compared and theoretical predictions are 
given. 

In molecular crystals molecules arc practically inde- 
pendent, as far as their electronic polarizabilities are . 
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concerned. Therefore the second-order susccptibflirv 
tensor d can be written as the sum of the conmWow 
P of individual molecules. This involves rotation of «. 
ordinate frames from molecular to crystal axes, which 
are most easily made by using irreducible tensor com- 
ponents [13*15] rather than cartesian components. 
In the transparency region the tensors d and 0 have 
ten independent components f 16] . They can be writ- 
ten as the sum of two irreducible tensors [13J , a « 
tor (3 components) and a septor (7 components). 
These tensors belong to disconnected irreducible sub- 
spaces, so the vector (septor) part of d depends only 
on the vector (septor) pan of ft In the present letter 
we only treat the vector part of nonlinearities, a more 
detailed analysis including the septor part will be givn; 
elsewhere [17] * 
Let us first consider the case of monosubstitute*. 
The centric benzene molecule may be decomposed 
into a skeleton [6o(CC) and 6a(CH) bonds] and a sy* 
tern of 6 tr-clectrons. When a radical is substituted to" 
one of the hydrogen atoms, the o bonds are not 
strongly affected. Therefore one may assume that the 
o-contribution to the quadratic polarizability of the 
substituted molecule is very small. Conversely, the 
ES is- very sensitive to the substitution. It looses its 
center of symmetry and gains a proper dipole mom«* 
Au, the so-called elecrromeric dipole, whose sign girts 
rise to the classification of substituent radicals into 
donor and acceptor groups [12] . In a benzene roofc 
cule the dipole induced on the n-ES by an electric 
field £ is given by 
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